We apply a local two-photon bleaching model to describe polarization grating formation in birefringent optical fibers. We show that the dynamics of the grating formation at each point in the fiber follows a universal growth history and study how the dynamics of the grating development can shed light on the underlying material parameters characterizing the two-photon photosensitivity.
Phase grating formation in optical fibers, by light at frequencies in the visible, was discovered by Hill et al.l in 1978 . Although a microscopic description of the formation of the photosensitive grating is still lacking, it was recently shown that a local twophoton bleaching model 2 4 (TPBM) can explain the experimentally observed time dependence of the reflectivity. For a large class of such models, we demonstrated that there exists a universal evolution parameter that makes it possible to transform the coupled partial differential equations describing the grating growth and state of the electromagnetic field in the fiber into coupled ordinary integrodifferential equations 4 ; we could then show that the TPBM leads to a prediction of perfectly phasematched grating growth, corresponding to a stable fixed point 3 ' 4 of the dynamical process of the system. Parent et al. 5 were the first to observe that the refractive-index changes induced in optical fibers by grating formation were anisotropic. 6 7 In this Letter we generalize the TPBM to describe anisotropic index changes and apply it to treat polarization grating formation. We show that the dynamics of the polarization grating formation exhibits a universality similar to that seen in the dynamics of Bragg gratings and study how the dynamics of the grating development is related to, and can thus yield information on, the material parameters characterizing the photosensitivity.
For the fiber geometry shown in Fig. 1 , we write the electric field as E(z, t)exp(-icot) + c.c., with E(z, t) = Ej(z, t)x + E 2 (z, t)y. The effective dielectric tensor of the birefringent fiber is then written as - where eo describes the background (isotropic) dielectric response, AEij describes the change due to two-photon absorption, and 6 models the original birefringence of the fiber; ;o = diag(1, 1) and a3 = diag(1, -1). To simplify the problem we neglect the Fresnel reflection from the back face (i.e., set n2 = n 3 in Fig. 1 ), and write E(z, t) = %(z, t)exp(ikz), where k = cow /c. If we assume that e 0 >> 8, Aeij and apply the slowly varying envelope approximation to %(z, t), the wave equation yields the following coupled-mode equations: 
where i = 1,2 and b(z, t) is also assumed to be a slowly varying function. Generalizing the simplest TPBM 2 -4 to this geometry, we have
which in general involves 64 (=26) independent complex constants Aijklmn. However, since the medium is assumed to be isotropic, all that survives is a J = 0 representation of that sixth-rank Cartesian tensor, which involves 15 independent components. By using the fact that Aijklmn is symmetric in (ij), (kl) , and (mn), the total number of independent complex components is reduced to 5. By assuming that Eij remains real (i.e., that no significant linear absorption is induced), only 5 independent real constants survive. The result is 2L = [r 1 (E * E)(E* . E*) + r 2 (E * E*)2]8
+ r 3 (EE, + E'Ej)(E . E*)
where ri, r 2 , and r 3 are real, c is complex, and 8ij is a specification of the incident field at z = 0+, define our dynamical problem. We take that field to be
z=L Fig. 1 . Schematic of the geometry that we consider. We choose the x axis (or the y axis) as the slow (or fast) principal axis of the birefringence fiber. The indices of refraction are given by ni for z < 0, n 2 for 0 < z < L, and n 3 for z > L. Note that the light enters from z = 0 and we neglect the Fresnel reflection from the back surface (z = L) of the fiber.
Kronecker delta with i(j) = 1, 2. In our assumed geometry, a further simplification follows because isotropic changes in the dielectric constant do not affect the polarization state of the field. Defining
a(z,t)
[al(z,t) -a 2 (z,t)]/2 and neglecting the non-phase-matched terms in Eq. (5), we have
where two real constants B and 0 are defined by Thus if we absorb the overall constant B in Eqs. (6) into the time variable t to define a new time unit, the aspect of the photosensitive response of a birefringent optical fiber that is important for polarization grating formation is specified by one real parameter 0.
The physical significance of 0 can be elucidated by returning to Eq. (5) and considering various local polarizations and the birefringences that they induce. For the special case of linear polarization, the principal axes of the induced birefringence are those of the polarization direction and that direction perpendicular to it; for -7r/2 < 6 < 7r/2 (or ir/2 < 0 < 3 1v/ 2 ) the induced change in dielectric constant is greater (or lesser) along the polarization axis. More generally, for elliptically polarized light, if 0 = 0 or 7r the principal axes of the induced birefringence are those defined by the major and minor axes of the ellipse, while for 0 = ±+r/2 the principal axes are at ±45° to the major axes; the other directions correspond to the other values of 0. For circularly polarized light only isotropic changes are induced, as expected from the assumption that the medium is isotropic.
The coupled partial differential equations (2) and (6), together with initial conditions (7) and the
where Xf and X are taken to be constant and any overall amplitude factor that we take to be absorbed [see Eqs. (6) 
In terms of the s variables, the coupled-mode equations (2) 
-q(Z, t) = K(Z t) [a(z, t) -1 az]
and the two-photon equations (6) We look for an evolution of the grating variables and
Stokes parameters of the form a(z,t) = ta(x), K(z, t) = tK(X), 0 (z, t) = 4(x), and si(z, t) = s-i W,
where i = 1, 2, 3 and all functions with overbars depend only on a universal evolution parameter x = tz; the initial conditions (7) are then satisfied. For grating variables of the assumed form, the detuning variable (11) becomes a function only of x, -q(z, t) = 71(x), and for Eqs. (10) to be satisfied we require that 
So we obtain a solution for Eqs. (2) and (6), subject to initial conditions (7) and (8), as long as Eqs. (13) and (14) are satisfied, subject to relations (11) and (15). The problem of solving the coupled partial differential equations has thus been replaced by the problem of solving ordinary integrodifferential equations.
In Fig. 2 we show the trajectory of (S, S, s3) on the Poincare sphere that is defined by sW2 + S2 + S32 = 1 as x increases from zero to infinity for (a) Ai = 300 and (b) Af = 60° both in the case of 0 = 0. We find that the grating frame Stokes vector si approaches one of two stabled fixed points on the Poincar4 sphere, depending on the initially polarized angle Ak. For example, for 00 < ai < 450 or 450 < ai < 90° the vector moves toward (0,0,1) or (0,0, -1), respectively, as x increases. More careful analysis of the numerical solutions shows that for 00 < In Fig. 3 we plot the intensity of light transmitted through a y-axis polarizer at the output end of the fiber, Ty, versus time for various values of 0, when X = 0 and ir = 20° The shapes of the curves for different 0 are quite different, which of course could provide one possible way of experimentally determining the magnitude of material parameter 0. We also find quite varied frequency responses of the induced gratings, which we do not have space to discuss here, depending on qf and 0.
We conclude by recalling that the results presented here are for constant amplitude and polarization of the writing field just inside the fiber at the input end and for the lack of Fresnel reflection at the back end; these conditions may require some care to establish in an experiment.
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